A one-pot synthesis of 5-aroyl-NH-1,3-oxazolidine-2-thiones by a regio-and chemoselective reaction of α-epoxyketones with thiourea or sodium thiocyanate in the presence of p-toluenesulfonic acid as catalyst in tetra-n-butylammonium chloride is described.
Introduction
1,3-Oxazolidine-2-thiones are known as an important class of heterocycles having significant biological and pharmacological activities [1] . They have wide applications as chiral auxiliaries in asymmetric syntheses [2 -11] and play a vital role as starting materials for further transformations in organic syntheses [12 -14] . Although a number of emerging methods are available to build up these heterocycles [15 -17] , few synthetic routes have been reported for functionalized NH-1,3-oxazolidine-2-thiones. The simple 1,3-oxazolidine-2-thiones are generally prepared by thiocarbonylation of β -amino alcohols with CS 2 [18 -21] and by the reaction of thiocyanic acid with α-hydroxyketonens [22, 23] . In this protocol, an expedient method is described for the synthesis of a number of 5-aroyl-NH-1,3-oxazolidine-2-thiones by the reaction of α- epoxyketones with thiourea or sodium thiocyanate under mild conditions.
Results and Discussion
Since one of the most important features in the chemistry of 1,3-oxazolidine-2-thiones is their use in design and synthesis of organic compounds, the presence of chemically active functional groups at C-4 or C-5 position can affect the reactivity and expand their applications. Thus, with the aim of extending synthetic methods, herein, we disclose the regio-and chemoselective reaction of α-epoxyketones 1 with thiourea or sodium thiocyanate for the synthesis of title compounds 2. The reactions were carried out in the presence of a catalytic amount of p-toluenesulfonic acid (p-TSA) in tetra-n-butylammonium chloride (TBAC) as solvent (Scheme 1). Results are summarized in Table 1 . Plausible intermediates are proposed in Fig. 1 . Although we made no attempts to characterize the produced intermediates, it is reasonable to assume that in an acid present in a polar solvent such as TBAC, the reaction begins with initial addition of thiourea or sodium thiocyanate to the α-epoxyketones 1 and for- mation of intermediates 3 and 4, respectively. Fast cyclization of 3 or 4 under the reaction conditions leads to the NH-oxazolidine-2-thiones 2. The removal of NH 3 from 3 was confirmed using wet litmus paper. The stereoselectivity of the reactions depends on the rate of formation and stability of the C β carbocation (Fig. 2) 8 -10) . Since the C α cation 7 is too unstable [24 -26] , only the C β -O bond breaking (intermediate 6) is liable for the regioselective beginning and progression of the reaction. All the reactions proceeded with high chemoselevtivity, and the carbonyl groups of the ketones in α-epoxyketones 1 remained without any changes. The ionic liquid TBAC was used as an excellent green solvent. It is water miscible, therefore, in the work-up process, it is simple to remove the solvent, the residual thiourea or NaSCN and p-TSA by washing of the reaction mixture with water.
The identification and characterization of the products were deduced from their physical and spectroscopic data. The IR spectra of compounds 2 show the CS stretching of the thiocarbamate moiety as weak peaks at 1200 -1080 cm −1 . In the 1 H NMR spectra, the coupling constants H 4 -H 5 ( 3 J HH ) are in the range 7.5 -8.5 Hz and 3.5 -5.0 Hz for cis and trans isomers respectively. Also, the CO and CS groups are observed at about δ = 197 and 185 -167 ppm, respectively in the 13 C NMR spectra. Molecular ion peaks with low abundances appear in the mass spectra.
Conclusion
In conclusion, an expedient approach is described for the synthesis of functionalized 4,5-disubstituted NH-oxazolidine-2-thiones from the reaction of α-epoxyketones 1 with thiourea or sodium thiocyanate in TBAC and in the presence of p-TSA as catalyst. All the reactions were carried out under mild conditions, in a one-pot reaction and without the need of separation and purification of the intermediates. The products were obtained in moderate to good yields with high regio-and chemoselectivities.
Experimental Section
Melting points were measured with an Electrothermal 9100 apparatus. IR spectra were measured with a Shimadzu IR-460 spectrometer. NMR spectra were recorded with a Bruker DRX-250 Avance instrument (250.1 MHz for 1 H and 62.9 MHz for 13 C). Chemical shifts are given in ppm (δ ) relative to internal TMS, and coupling constants J are reported in Hz. Mass spectra were recorded with an Agilent-5975C mass spectrometer operating at an ionization potential of 70 eV. Elemental analyses C, H, and N were performed using a Heraeus CHN-O-Rapid analyzer. The synthesis of the α-epoxyketones 1 was achieved using the published method [27] .
General reaction procedure: In a 10 mL round-ballon flask, α-epoxyketones 1 (1 mmol) were mixed with TBAC (0.5 g) and p-TSA (0.02 g, 0.1 mmol). To this mixture, thiourea or sodium thiocyanate (0.1 g, 1.3 mmol) was added, and the mixture was heated at 40 -50 • C for the period indicated in Table 1 . Then the mixture was washed three times with cold water to remove the solvent, the residual thiourea or sodium thiocyanate, and p-TSA. The products were separated and purified by thin-layer chromatography on 20 × 20 cm 2 plates of silica gel 60 GF 254 with n-hexaneEtOAc as eluent. 
5-Benzoyl-4-phenyloxazolidine-2-thione (mixture of cis-and trans-2a)
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